Initiative set out to highlight recent advances in science and technology contributing to the deployment of conventional and advanced biofuels and bioproducts from agricultural and forest systems. The Initiative, with sponsorship from the Department of Energy's Bioenergy Technologies Office (BETO), assembled an agenda focusing on promoting collaboration between academic, industry, non-profit, and government partners. This special issue is comprised of a small sample of conference presentations selected to reflect important research progress and to highlight the range of issues that must be considered as the transition to biomass energy takes hold.
important progress in defining new metrics for sustainable levels of removal in these systems. The work also highlighted research products from the Regional Feedstock Partnership (RFP) established between the Department of Energy's Bioenergy Technologies Office (BETO) and the Sun Grant Initiative (www.sungrant.org). To address the need of readily accessible, sustainable feedstocks in the USA, the BETO, and the Sun Grant Initiative formed the RFP. The Partnership is halfway through a 7-year project that has included establishing over 100 field trials as well as crop modeling projects. In addition, educational and outreach work is under way to help agricultural producers, industry, and other stakeholders prepare for a future that could include processing biomass crops for energy and other products.
In this second special issue to appear in BioEnergy Research, attention is shifted to broader concerns and advanced fuel production systems. Four distinct topic areas are discussed that reflect the evolution of thinking and the emerging vision of tomorrow's biorefinery. Specifically, these contributions provide new information on production and yield of high-impact energy crops, progress in the many challenges of biomass logistics, innovative directions in feedstock conversion processes, and insight into social acceptance concerns.
Topic Area 1: Biomass production and yield continue to be the drivers for supply. In this topic area, five articles address recent progress in biomass production across the USA. Trends in these articles suggest the need to consider feedstock quality in addition to feedstock quantity. Incorporated in this section are articles on four specific biomass feedstocks: switchgrass, big bluestem, short rotation woody crops (SRWC) and sorghum. Pacaldo, et al. [6] assessed the use of SRWC for bioenergy production and the soil CO 2 emission rates related to the continuous production and tear-out treatments. Soil CO 2 efflux (Fc) rates among SRWC fields in production for 7 to 21 years were measured and recorded. Results indicate that Fc rates were consistent across the different ages. Pacaldo, et al. [6] concluded that soil temperature significantly influenced CO 2 flux, while soil moisture had no impact. Hong, et al. [13] and Wagle and Kakani [2] summarized some of the work on switchgrass, one of the primary feedstocks of the RFP. Hong, et al. [13] ) was applied each spring after the seeding year. Over several location/year combinations, switchgrass production ranged from 2 to 11.5 Mg ha −1 . Hong, et al. [13] indicated that with consistent and accurate N management, producers could reduce expenses and potential negative environmental impacts. Wagle and Kakani [2] evaluated the relationship of ecosystem respiration to environmental factors, specifically, soil temperature and moisture in switchgrass. The authors analyzed ecosystem respiration from the nighttime net ecosystem CO 2 exchange measurements. Results suggest that soil moisture significantly influences the correlation between soil temperature and ecosystem respiration.
Similarly, Zhang et al. [4] evaluated the effects of ecotype and planting location on the chemical (glucan, xylan, arabinan, lignin, and ash) and elemental (carbon, oxygen, hydrogen, nitrogen, and sulphur) composition of big bluestem in the Midwest. The authors found that ecotype had effects on both chemical and elemental compositions, and the [7] reported on these field trials, which had 13 total harvest dates with yield, height, and biomass composition measured at each harvest. Lignin content and cellulose was also analyzed at plant maturity. Results from Hoffman and Rooney [7] suggest that maximum sorghum biomass accumulation occurs between 140 and 200 days and depends on the genotype selected. The top genotype in this trial produced a dry biomass yield of 24 Mg ha −1 . Topic Area 2: Transportation, storage, and the delivery of a consistent and uniform feedstock to the biorefinery are all key challenges of the biofuels industry and discussed in this topic area. In this topic area, four articles examine several biomass logistics systems. Greene et al. [8] compared the costs of several woody biomass-harvesting systems including whole-tree chipping, clean chipping, conventional roundwood and residue grinding by evaluating ash content, moisture content, and a range of other factors. Evaluations indicate that whole tree chipping provided a low cost option at less than 1 % ash. Unscreened grinding of clean chip residue produced the least expensive option and 5 % ash. Factors significantly effecting delivered costs are truck payload, fuel price, and haul distance among others. Searcy et al. [9] examined a biomass logistics system with features similar to cotton and silage shipping systems. The evaluation included a full-scale system and field trials of the biomass modules with sorghum, switchgrass, and corn stover. Results suggest that with modified equipment biomass modules can be formed (of up to 5.2 Mg), stored for 3-12 months, loaded and transported for long distances with no significant degradation. The effect of lime pretreatment on the production of switchgrass granules was investigated using a new wet granulation technology. Yandapalli and Mani [10] determined that granules made from 20 % lime had significantly higher density; however, treated granules also had significantly higher ash content and lower gross calorific value. Yandapalli and Mani [10] determined that lime treatment was not beneficial for thermochemical conversion, but treated granules could be used in the production of biofuels and bio-based chemicals through the biochemical conversion platform.
As Hoffman and Rooney [7] indicated, biomass sorghum shows promise as a bioenergy feedstock. To address the issues of high moisture content and high levels of degradation, Bonner, et al. [11] allowed harvested sorghum material to dry under in-field conditions, and examined the differences in drying rates of intact and conditioned sorghum. Results indicate that conditioning accelerates drying time. The authors conclude that the process of conditioning sorghum to accelerate drying is beneficial, and justifies the expense of additional handling. Topic Area 3: Only two conversion technology related articles are included in this special issue. However, both are intended to highlight new approaches to feedstock quality, while targeting drop-in fuel production. Bozell, et al. [12] examined two features of the integrated biorefinery concept: (1) biomass fractionation into separate process streams and (2) the conversion of those streams into bio-based chemical products. The high value chemical production output could provide additional financial support for biofuel production at the biorefinery. Bozell, et al. [12] concludes that this integration would play a critical role in success of the biofuels industry. Through this research, Bozell, et al. [12] also found that the organosolv fractionation of biomass could produce high value and high quality lignin. Srinivasan, et al. [5] examined the pretreatment process of torrefaction for improving the quality and stability of pyrolysis liquid (bio-oil) produced from catalytic fast pyrolysis. Fast pyrolysis produces a higher liquid yield; however, bio-oil can be unstable, immiscible with other hydrocarbon fuels and have restrictive use as a biofuel. During torrefaction, there is a reduction in oxygen content and an increase in the calorific value of the biomass. The authors combined torrefaction with fast pyrolysis processes to produce high quality bio-oil, which resulted in a stable liquid fuel product. Topic Area 4: Despite the importance of social acceptance and societal issues, this topic area is inadequately represented. In this special issue, one article, Bergtold, et al. [3] assesses farmers' willingness to produce bioenergy crops. Enumerated field surveys were given to farmers with stated choice experiments designed to elicit their willingness to produce corn stover, sorghum, and switchgrass under a variety of contractual arrangements. Using a random utility framework, the authors examined the contractual components that increased farmer adoption. Bergtold et al. [3] concludes that net returns, contract length, cost-share, financial incentives, insurance, and custom harvest options are all valuable attributes to farmers, and should be considered in the emerging biofuels industry.
